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Analyzing Fourier Transforms for 
NASA DFRC's Fiber Optic Strain 
Sensing System  




 Fiber optic description 
 Project results 
 Other projects 
•  STAR program (Student Teacher And Researcher) 
–  NSF, new program 
•   Goal: 
–  to observe engineers at work  
–  to become an honorary engineer 
–  all meant to help me encourage future students to work 
in STEM fields 
•  Project Aim: 
–  understand how the (FOSS) technology works  
–  Research and report on the mathematical  
   algorithms involved in the signal  
    processing of the FOSS system  
Fiber	  Op)c	  Strain	  Sensing	  Technology	  
•  Items	  needed:	  
–  Narrowband	  wavelength	  
tunable	  laser	  
–  Op)cal	  ﬁber(s),	  ﬁlled	  with	  FBGs	  
•  All gratings are written to the 
same wavelength.	  
–  Broadband	  reﬂector	  and	  ﬁber	  
network	  
–  Computer(s)	  
–  Program	  (LabVIEW)	  to	  do	  
mathema)cal	  calcula)ons	  
–  Object	  for	  ﬁber	  to	  aNach	  to	  












Ri – spectrum of ith grating 
n – effective index 
L – path difference 
k - wavenumber 
How	  the	  math	  works	  
•  The Fourier transform separates the  
    IR waveform  (                        ) into sinusoids of different 
frequency, creating the length domain graph that shows 
the location of all the FBGs. 
FFT 
Wavelength(λ) domain Length(L) domain 
How	  Strain	  is	  Calculated	  
•  Once	  the	  loca)on	  of	  the	  FBGs	  are	  iden)ﬁed,	  the	  
tradi)onal	  method	  calls	  for	  an	  inverse	  Fourier	  transform	  
–  Back	  to	  original	  signal	  
–  Compare	  wavelength	  for	  each	  gra)ng	  	  
–  Strain	  calcula)on:	  
K – proportionality constant (0.7-0.8) 
Frequency 
How	  Strain	  is	  Calculated	  
•  Once	  we	  know	  were	  each	  FBG	  is	  located,	  we	  can	  
calculate	  strain	  	  
–  Strain	  is	  propor)onal	  to	  change	  in	  wavelength	  
–  Strain	  calcula)on:	   K – proportionality 
constant (0.7-0.8) 
Research	  
•  Dryden	  has	  devised	  a	  beNer	  way	  to	  calculate	  
–  Only	  an	  Fourier	  Transform,	  no	  inverse	  
–  trace	  how	  the	  wavelength	  changes	  from	  its	  original	  wavelength	  
–  As	  it’s	  being	  calculated,	  it’s	  being	  graphed	  in	  real	  )me,	  so	  we	  can	  
view	  where	  strain	  is	  instantly	  
•  Need	  to	  try	  ﬁnding/crea)ng	  more	  eﬃcient	  transforms	  
•  Basics	  
–  DFT-­‐	  Discrete	  Fourier	  Transform	  
–  transform	  for	  digital	  spectral	  analysis	  	  
–  Need	  wavelength,	  frequency,	  and	  amplitude	  
–  Usually	  computed	  using	  FFT	  (Fast	  Fourier	  Transform)	  
•  Focus	  
–  Sliding	  DFT	  
–  Goertzel	  
–  Sliding	  Goertzel	  
Sliding	  DFT	  
•  Computa)on:	  faster	  than	  DFT,	  FFT,	  and	  Goertzel	  
–  Windowing	  func)on	  
–  1	  subtrac)on,	  1	  addi)on,	  and	  1	  mul)plica)on	  with	  each	  shi[	  
•  very	  simple	  compara)vely	  
•  Can’t	  use	  yet	  
–  according	  to	  a	  study	  in	  2009	  by	  Elisa	  Russo	  from	  Universi)a	  degli	  Studi	  
di	  Milano,	  Italy	  
–  “Sliding	  DFT	  (SDFT)	  is	  an	  analysis	  technique	  that	  thanks	  to	  the	  
con)nuous	  growth	  in	  computer	  power	  can	  become	  an	  eﬀec)ve	  
alterna)ve	  to	  tradi)onal	  FFT	  for	  DFT	  calculus…[and	  because]	  the	  CPU	  
power	  [is]	  constantly	  increasing,	  maybe	  in	  a	  future	  not	  so	  far	  away,	  the	  
)me	  of	  SDFT	  calculus	  will	  be	  acceptable	  even	  in	  real	  )me	  
applica)ons.”	  
Goertzel	  
•  Uses	  less	  CPU	  horsepower	  than	  the	  FFT	  (Kevin	  Banks	  Embedded.com)	  
•  Computa)on:	  faster	  than	  DFT	  and	  FFT	  	  
–  Up	  to	  four	  )mes	  faster	  the	  data	  are	  real-­‐valued	  
•  Imprac)cal	  for	  us	  	  
–  Goertzel's	  …algorithms	  are	  eﬃcient	  for	  a	  few	  DFT	  frequency	  
samples;	  if	  more	  than	  logN	  frequencies	  are	  needed,	  O
(NlogN)	  FFT	  algorithms	  that	  compute	  all	  frequencies	  
simultaneously	  will	  be	  more	  eﬃcient	  Goertzel’s	  Algorithm,	  Douglas	  L.	  Jones,	  Prof	  U	  of	  Illinois	  
–  Imprac)cal	  for	  FOSS	  
Sliding	  Goertzel	  
•  Computa)on:	  faster	  than	  Goertzel,	  especially	  
in	  )me-­‐varying	  signals	  
– Can	  compute	  data	  	  before	  a	  period	  is	  complete	  
•  “Capable	  of	  tracking	  rapid	  changes	  in	  the	  
signal	  parameters	  (phase	  and	  amplitude)”	  
– Calculates	  p&a	  for	  every	  sample	  
•  Remains	  accurate	  even	  through	  high	  noise	  
•  Needs	  more	  inves)ga)on	  
Other	  Projects	  	  
Global	  Observer	  
Other	  Projects	  
Other	  Projects	  Cont.	  
•  The	  FOSS	  (ﬁber	  op)c	  strain	  sensing)	  system	  is	  
comprised	  of	  three	  computer	  systems	  that	  
acquire	  sensing	  data	  from	  ﬁbers	  on	  the	  test	  
subject.	  Each	  computer	  is	  connected	  to	  8	  
channels	  and	  each	  channel	  consists	  of	  one	  
ﬁber.	  Since	  there	  are	  18	  ﬁbers	  on	  Global	  
Observer’s	  wings,	  one	  computer	  has	  only	  2	  
channels	  corresponding	  to	  the	  wing	  ﬁbers.	  
•  The	  computer	  systems	  are	  iden)ﬁed	  by	  their	  IP	  
addresses.	  IP	  address	  114.95	  refers	  to	  the	  
computer	  that	  obtains	  data	  from	  the	  right	  wing	  
ﬁbers.	  IP	  address	  113.154	  refers	  to	  the	  
computer	  that	  obtains	  data	  from	  the	  le[	  center	  
ﬁbers	  on	  the	  wing	  (this	  is	  the	  2	  channel	  
computer).	  113.153	  refers	  to	  the	  address	  of	  the	  
computer	  that	  obtains	  data	  from	  the	  rest	  of	  the	  
8	  ﬁbers	  on	  the	  le[	  wing.	  You	  can	  locate	  a	  ﬁber	  
on	  the	  wing	  by	  ﬁnding	  the	  computer’s	  IP	  
address	  and	  the	  channel	  that	  corresponds	  to	  
the	  ﬁber;	  this	  informa)on	  can	  be	  found	  in	  the	  
table	  below.	  
•  Note:	  The	  star)ng	  point	  for	  sensing	  is	  diﬀerent	  
on	  each	  ﬁber.	  The	  last	  column	  in	  the	  table	  
below	  indicates	  the	  start	  of	  each	  ﬁber’s	  Bragg	  
strain	  sensor.	  
Other	  Projects	  Cont.	  
Strain field of Aft Fuselage fiber during straight-
line flight 
  Global Observer Fuselage Fiber 
Other	  Projects	  Cont.	  
•  Impressing	  “The	  Suits”	  
– Learning	  LabVIEW/ﬁber	  op)cs	  on	  the	  spot	  
•  Medical	  Research	  and	  Pressure	  Ques)ons	  
•  Teachers	  	  
•  Recruitment	  video	  
Thank	  you!	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